
Lutvo Sporišević, et al. Pediatric challenge of COVID-19. Journal of Health Sciences 2020;10(2):103-108 http://www.jhsci.ba

Journal of Health Sciences

REVIEW ARTICLE Open Access

Coronavirus disease 2019: A new pediatric 
challenge
Lutvo Sporišević1*, Senka Mesihović-Dinarević2, Anes Jogunčić3, Aida Pilav3

1Public Institution Health Centre of Sarajevo Canton, Sarajevo, Bosnia and Herzegovina, 2Academy of Sciences and Arts of 
Bosnia and Herzegovina, Sarajevo, Bosnia and Herzegovina, 3Public Health Institute of Sarajevo Canton, Sarajevo, Bosnia 
and Herzegovina

ABSTRACT

Coronavirus disease 2019 (COVID 19) is a pandemic disease that is today a global public health problem 
caused by severe acute respiratory syndrome coronavirus 2 (SARS-COV-2). COVID-19 is a disease of mid-
dle and old age, but clinical expression may also be present in childhood. Asymptomatic and mild clinical 
forms are most often present in persons aged 0-19, but severe clinical forms such as, among others, 
acute respiratory distress syndrome and multisystem inflammatory syndrome may occur. In addition to 
presenting the epidemiology, clinical symptomatology of COVID-19, the authors consider certain specifics 
of COVID-19, that is, possible reasons for the lower incidence of the disease as well as unusual and rare 
clinical forms of the disease in children. The current activities of health professionals in the supervision 
of COVID-19 are mainly focused on early detection, isolation and treatment of patients, isolation of con-
tacts, the regular and thorough practice of respiratory hygiene, hand hygiene, and physical distancing. 
Future efficient and safe vaccination will solve the biggest global medical challenge caused by the new 
coronavirus in the best possible manner.
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INTRODUCTION
The first cases of coronavirus disease 2019 
(COVID-19) disease appeared in late December 
2019 in the Chinese city of Wuhan, where a group 
of patients with pneumonia of unknown etiology 
was observed (1). In February 2020, the World 
Health Organization (WHO) named the new coro-
navirus SARS-CoV-2, and the disease caused by 

SARS-CoV-2 was called COVID-19 (2). Given 
the trend of rapid global expansion and “sustain-
able transmission around the world,” in mid-March 
2020, the WHO declared a state of pandemic (3). 
In approximately 190 countries of the world as of 
24.5 in 2020, >5,000,000 cases of COVID-19 were 
confirmed, the number of deaths was 337,736, in 
BiH in the mentioned period, there were 2371 con-
firmed cases and 140 died of COVID-19 (4).
The age distribution of COVID infection is 
1.5 months up to 96 years, without a difference 
in gender distribution, with severe forms are more 
pronounced in adults of age over 60 years and in 
patients with comorbidities present (5). A severe 
clinical picture of COVID-19 may be present from 
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an early age, as indicated by the De Biasi et al. study 
(6) that 32% of infants were hospitalized due to the 
severity of the disease. With the tendency of increas-
ing pandemic proportions, the number of patients 
in children with a predominance of mild forms of 
COVID-19 is increasing. In the previously pub-
lished studies, the prevalence was: 1.7% of children 
<18 years of age in the USA, in the Netherlands <1% 
of children, while according to a large observational 
study in the UK, 2.0% of children (7). Population 
studies in Iceland Gudbjartsson et al. found that 
no child under the age of 10 was infected with the 
new coronavirus versus ~1% of infected adolescents 
and adults (8). It is estimated that ≥90% of children 
have asymptomatic, mild, or moderate forms of 
COVID-19, but severe forms of the disease are more 
pronounced in infants versus children 11-15 years 
and ≥16 years (11% vs. 4% and 3%) (9).
Given that the epidemiological distribution and 
spectrum of clinical expression of COVID-19 in 
children are insufficiently known, this article aims 
to present certain specifics of COVID-19 in chil-
dren following relevant references – lower disease 
distribution, milder clinical form, and unusual and 
rare clinical forms of the disease.

EPIDEMIOLOGY OF COVID-19
Human coronaviruses
Human coronaviruses were discovered in 1960 and 
HCoVs-229E, HKU1, NL63, and OC43C are the 
most commonly isolated human strains that cause 
around 20% of upper respiratory tract infections 
in children, 13% of children are asymptomatic, 
and 10-50% of children with symptoms have 
association of these strains with other respiratory 
viruses (10).
These strains of coronavirus most commonly affect 
children <3 years of age with congenital heart dis-
ease (10).
Chan et al. (11) found that the SARS-CoV-2 
genome isolated from a group of Wuhan patients 
with atypical pneumonia has 89% identical SARS-
CoVZXC21 bat nucleotides and 82% identical 
SARS-CoV nucleotides, indicating, among other 
things, that a new primary reserve is a possible 
reserve. Bat. SARS-COV-2 can be transmitted from 

bats to an intermediate host (supposedly pangolin) 
and from them to humans (12).
It is considered that SARS-CoV-2 can be stable 
~ 3 hours in the air, ~ 4 hours on copper, ~ 24 hours 
on cardboard, and ~ 2-3 days on stainless steel and 
plastic materials ~ 3 days (13). SARS-CoV, presum-
ably SARS-CoV-2, can be efficiently inactivated by 
lipid solvents, including 75% ether, ethanol, disin-
fectants containing chloroquine, peracetic acid, and 
chloroform other than chlorhexidine (14).

COVID-19 transmission
The transmission of SARS-COV-2 follows the usual 
pattern of transmission of respiratory infections. 
The main source of infection is a patient infected 
with SARS-COV2, but it is thought that asymp-
tomatic individuals may also play a significant role 
in the spread of COVID-19 (10,15). According to 
Cruz and Zeichner (16), in children infected with 
COVID-19, the upper respiratory tract versus lower 
respiratory tract and also SARS-CoV-2 may be pres-
ent in the stool for several weeks after the detection 
of COVID-19. This implies the possibility of fecal-
oral transmission of COVID-19 which may play a 
role in disease transmission this way in homes, kin-
dergartens, and schools (10,15,16).
It is thought that 1-2 days before the onset of 
COVID-19 symptomatology, the transmission of 
COVID-19 is possible, indicating the importance 
of detecting asymptomatic and symptomatic indi-
viduals at an early stage to prevent or reduce the 
spread of COVID-19 (17,18).
Approximately ~ 80% of children are infected with 
SARS-CoV-2 in contact with household members, 
children most often have clinically visible symp-
toms before family contact which may indicate that 
asymptomatic children are not a significant source 
of SARS-CoV-2 infection (10).
Previous research has not indicated vertical trans-
mission of SARS-COV-2, nor the possibility of 
spreading through breast milk (9,15), which future 
extensive research will confirm or rule out, nor the 
hypothetical possibility of spreading this disease 
through blood and consuming thermally inade-
quately processed foods of animal origin.
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COVID-19 CLINICAL FORMS IN CHILDREN
Analyzing the symptoms in children, it was found 
that, among other things, fever is present in 40-60% 
of children, cough occurs in 40-50% of children, 
and headache, myalgia, and sore throat are more 
common than shortness of breath (10,19). Usually, 
after 7-10 days (10), children recover, and more 
severe forms are characterized by dyspnea, hypoxia, 
cyanosis, dehydration with signs of respiratory dis-
tress syndrome, shock, myocardial lesions, or multi-
organ failure (20,21).
Cai et al. (5) described five cases of COVID-19 dis-
ease in children with initial nonrespiratory symp-
toms, that is, blood in the stool such as raspberry 
jelly, abdominal pain, convulsions, vomiting and 
diarrhea, drowsiness, and decreased appetite.
The research of Wu et al. (22) indicates that con-
junctivitis and eyelid dermatitis may indicate 
COVID-19, as confirmed by molecular testing, 
real-time polymerase chain reaction (RT-PCR) on 
SARS-CoV-2.
Collona et al. in Italy, it describes frost-like changes 
in four children aged 5-11 years with mild symp-
toms of COVID infection, which they explained by 
a vaso-occlusive phenomenon due to elevated d-di-
mers (23).
Andina et al. (24) reported identical changes in 
Madrid in 22 children aged 6-17 years with mod-
erate symptoms of COVID-19 disease. These atyp-
ical manifestations of COVID-19 disease did not 
require treatment and had a good prognosis (23,24).
Most children with a proven COVID infection are 
asymptomatic or have mild symptoms. However, a 
small number of children have been identified in 
the past 2 months with a developed multisystem 
inflammatory response to SARS-COV-2, which has 
featured in common with Kawasaki disease, staph-
ylococcal and streptococcal toxic shock syndrome, 
bacterial sepsis, and macrophage activation syn-
drome (25). Kawasaki disease is a generalized febrile 
illness in children <5 years characterized by fever, 
skin rash, lymphadenopathy, and conjunctivitis. In 
severe cases of Kawasaki disease, inflammation of 
the coronary arteries occurs, which spreads, causing 
a coronary artery aneurysm with the possibility of 
myocardial infarction in children, which is verified 
by ultrasound Color Doppler examination of the 

heart (7,26-28). Kawasaki is not an infectious but a 
reactive disease, which is treated with immunoglob-
ulins, corticosteroids, and aspirin (27,28).
Licciardi et al. (29) described in two children (7 
year and 2-year-old boys) Kawasaki-like hyper-
inflammatory syndrome as a delayed response to 
SARS-COV2- infection, which manifested itself, 
among other things, mucocutaneous changes, ele-
vated markers of inflammation, lymphopenia, 
thrombocytopenia, and complement consump-
tion with myocarditis. PCR test for SARS-CoV-2 
was negative, while had high titers of IgG and IgM 
on the SARS-CoV-2 virus. They were successfully 
treated with intravenous corticosteroids and immu-
noglobulin (29).
Multisystemic inflammatory syndrome (MIS-C) 
should be considered in children with COVID-
19 if age <21 years, have persistent fever, positive 
inflammatory markers (elevated CRP, accelerated 
erythrocyte sedimentation rate, elevated fibrinogen, 
ferritin, LDH or IL-6, neutrophilia, lymphopenia, 
and hypoalbuminemia), present clinically severe dis-
ease requiring hospitalization involving ≥ two organ 
systems (cardiac, renal, respiratory, hematological, 
gastrointestinal, dermatological, or neurological) 
but without any other probable cause with a positive 
epidemiological survey on COVID-19 or positive 
molecular or serological test for SARS-COV-2 (30). 
In cases of death of a child with a proven SARS-
COV-2 infection, the possibility of a multisystem 
inflammatory syndrome (30) should be considered.
This indicates that in some children we can expect 
an unusual and rare response to etiological factors, 
including SARS-COV-2, and in the supervision of 
children with COVID-19, it is necessary to know 
and timely apply recent diagnostic and therapeutic 
guidelines, detailed multidisciplinary approach to 
the sick child and parents and the practice of rec-
ommended anti-epidemic measures in the control 
of COVID-19 infection.

WHY COVID-19 IS MOST COMMONLY 
MANIFESTED AS MILD DISEASE IN 
CHILDREN, WITHOUT FREQUENCY 
CLINICAL EXPRESSION? 
One of the hypothetical questions is why children 
have a lower incidence of clinically manifested 
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disease, or why is COVID-19 a mild disease in 
children?
It is believed that children have a qualitatively different 
response to SARS-CoV-2 compared to adults, which 
may be related to the characteristics of their immune 
system to better control and localize COVID infec-
tion to the upper respiratory tract resulting in milder 
cold-like infections (31-33). It is likely that the simul-
taneous presence of common strains of coronavirus 
and other respiratory viruses in the lung and airway 
mucosa, which are common in children, may limit 
the growth of SARS-CoV-2 due to direct interaction, 
competition, and cross-immune protection (33,34), 
future research will likely be able to provide a more 
accurate response to the distribution and course of 
COVID-19 infection in neonates and young children, 
who have not been exposed to common coronaviruses 
and other respiratory viruses, and some viral infections 
are known to result in more severe respiratory infec-
tions (RSV) and respiratory failure.
The lower incidence of disease and presentation of 
mild forms of COVID-19 in children may be related 
to differences in the expression of angiotensin-con-
verting enzyme-2 (ACE-2), a receptor required for 
the binding and entry of SARS-CoV-2 into human 
cells (31,32). A hypothetically insufficient num-
ber of ACE-2 receptors in the lungs of children in 
addition to the above allows limiting COVID-19 to 
milder acute upper respiratory tract infections ver-
sus lower respiratory tract infections in adults which 
future research will confirm or rule out (31,32,35).
Liu et al. (36) stated a link between the number of 
viral copies and the severity of COVID-19 expres-
sion, which should be taken into consideration in 
disease severity in children and adults.
In this context, Brodin (32) believes that some 
tragic deaths of healthcare workers may be caused 
by exposure to large amounts of SARS-CoV-2 virus.
Possible protection factors (31), which can lead to 
lower incidence, mostly mild forms, COVID-19 in 
children, are also a strong innate immune response, 
immune training, which may be associated with 
previously given BCG and MMR vaccines, as well 
as previous exposure to respiratory viruses.
With aging, there are changes in innate and 
adaptive immunity, and adults are more suscepti-
ble to severe infections and even severe forms of 

COVID-19 due to the large release of cytokines 
(cytokine storm) from macrophages, monocytes, 
and lymphocytes, leading to lung tissue damage 
and multiorgan failure (31,37). In addition, alve-
olar epithelial cells in children have great regen-
erative potential, and most children do not have 
certain risk factors (smoking and obesity) and 
comorbidities versus adults which may play a role 
in the greater expression of more severe clinical 
forms of COVID-19 in adults (31,35).
Present symptomatology, as well as clear or suspicious 
epidemiological survey, indicates the use of RT-PCR 
from nasopharyngeal or throat swabs, and in sus-
pected cases with initial negative findings of RT-PCR 
from nasopharyngeal swabs, lower airway aspirate (10) 
may be used. Given that most children are asymptom-
atic or have mild symptoms, and no RT-PCR is per-
formed, this may play a role in assessing the prevalence 
of COVID-19 infection in children. We believe that 
future more extensive serological tests, enzyme-linked 
immunosorbent assay, and neutralization assay, of 
adequate reliability and accuracy, will answer many 
hypothetical questions about COVID-19 infection, 
for example, distribution of infected children as well 
as other populations; duration of specific protection; 
the role of asymptomatic children in disease transmis-
sion and tests may be predictors of pandemic duration 
and potential reinfection.
Since SARS-CoV-2 is a new virus and we have never 
been in contact with it, the body has no antibodies 
to neutralize the virus. SARS-CoV-2 will spread until 
an effective vaccine is detected or until a sufficient 
number of individuals are infected to create adequate 
collective immunity for further effective surveillance 
of COVID-19. Current activities are focused on early 
detection, isolation and treatment of patients, isola-
tion of contacts, the practice of physical distance, reg-
ular and thorough respiratory hygiene, hand hygiene 
and disinfection of space, and work surfaces that have 
reduced that COVID-19 disease does not spread 
exponentially, that is, that the basic reproductive 
number (RO) for SARS-CoV-2 be <1 so that the mass 
occurrence of the disease gradually disappears.

CONCLUSION
COVID-19 is a new infectious disease with insuf-
ficiently known epidemiological characteristics 
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and spectrum of clinical expression in childhood. 
Current findings indicate that children have a lower 
incidence of the disease with a predominance of 
mild forms of the disease. Practitioners should con-
sider the possibility of COVID-19 in children with 
atypical symptomatology with a positive or suspi-
cious epidemiological survey. We believe that mas-
sive serological testing for SARS-CoV-2 will enable 
timely and more accurate diagnosis of COVID-19, 
assess the importance of protective antibodies, more 
realistically assess the distribution of COVID-19, 
and the role of asymptomatic children in disease 
transmission. We are confident that COVID-19 
vaccine will successfully address the biggest global 
challenge we face.

REFERENCES
1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel 

Coronavirus from patients with pneumonia in China, 2019. N Engl J 
Med 2020;382(8):727-33.

 https://doi.org/10.1016/s0140-6736(20)30183-5.
2. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of 

patients infected with 2019 novel Coronavirus in Wuhan, China. Lancet 
2020;395(10223):497-506.

3. World Health Organization. Coronavirus Disease (COVID-19), Situation 
Report-51. Geneva, Switerzland: World Health Organization; 2020. 
Available from: https://www.who.int/docs/default-source/coronaviruse/sit-
uation-reports/20200424-sitrep-95-covid-19.pdf. [Last accessed on 2020 
May 15].

4. World Health Organization. Coronavirus Disease (COVID-19), Situation 
Report-125. Geneva, Switerzland: World Health Organization; 2020. 
Available from: https://www.who.int/docs/default-source/coronaviruse/sit-
uation-reports/20200524-covid-19-sitrep-125.pdf. [Last accessed on 2020 
May 15].

5. Cai X, Ma Y, Li S, Chen Y, Rong Z, Li W. Clinical characteristics of 5 
COVID-19 cases with non-respiratory symptoms as the first manifestation 
in children. Front Pediatr 2020;8:258.

 https://doi.org/10.3389/fped.2020.00258.
6. DeBiasi RL, Song X, Delaney M, Bell M, Smith K, Pershad J, et al. Severe 

Coronavirus Disease-2019 in children and young adults in the Washington, 
DC, metropolitan region. J Pediatr 2020;223:199-203.e1.

 https://doi.org/10.1016/j.jpeds.2020.05.007.
7. Viner RM, Whittaker E. Kawasaki-like disease: Emerging complication 

during the COVID-19 pandemic. Lancet 2020;395(10239):1741-3.
 https://doi.org/10.1016/s0140-6736(20)31129-6.
8. Gudbjartsson DF, Helgason A, Jonsson H, Olafur T Magnusson OT, 

Melsted P, et al. Spread of SARS-CoV-2 in the Icelandic population. N Engl 
J Med 2020;382(24):2302-15.

9. de Rose DU, Piersigilli F, Ronchetti MP, Santisi A, Bersani I, Dotta A, et al. 
Novel Coronavirus disease (COVID-19) in newborns and infants: What we 
know so far. Ital J Pediatr 2020;46(1):56.

 https://doi.org/10.1186/s13052-020-0820-x.
10. Zimmermann P, Curtis N. Coronavirus infections in children including 

COVID-19: An overview of the epidemiology, clinical features, diagno-
sis, treatment and prevention options in children. Pediatr Infect Dis J 
2020;39(5):355-68.

 https://doi.org/10.1097/inf.0000000000002660.
11. Chan JF, Kok KH, Zhu Z, Chu H, To KK, Yuan S, et al. Genomic charac-

terization of the 2019 novel human-pathogenic coronavirus isolated from 
a patient with atypical pneumonia after visiting Wuhan. Emerg Microbes 
Infect 2020;9(1):221-36.

 https://doi.org/10.1080/22221751.2020.1719902.
12. Zhang T, Wu Q, Zhang Z. Probable pangolin origin of SARS-CoV-2 associ-

ated with the COVID-19 outbreak. Curr Biol 2020;30(7):1346-51.e2.
 https://doi.org/10.1016/j.cub.2020.03.022.
13. Chin AW, Chu JT, Perera MR, Hui KP, Yen HL, Chan M, et al. Stability 

of SARS-CoV-2 in different environmental conditions. Lancet Microbe 
2020;1(1):e10

 https://doi.org/10.1016/s2666-5247(20)30003-3. 
14. Cascella M, Rajnik M, Cuomo A, Dulebohn SC, di Napoli R. Features, eval-

uation and treatment Coronavirus (COVID-19). In: Stat Pearls. Treasure 
Island, FL: Stat Pearls Publishing; 2020.

15. Rasmussen SA, Thompson LA. Coronavirus disease 2019 and chil-
dren: What pediatric health care clinicians need to know. JAMA Pediatr 
2020;178(8):743-744

 https://doi.org/10.1001/jamapediatrics.2020.1224. 174(8):743-744.
16. Cruz A, Zeichner S. COVID-19 in children: Initial characterization of the 

pediatric disease. Pediatrics 2020;145(6):e20200834.
 https://doi.org/10.1542/peds.2020-0834.
17. Cai J, Xu J, Lin D, Yang Z, Xu L, Qu Z, et al. A case series of children with 

2019 novel Coronavirus infection: Clinical and epidemiological features. 
Clin Infect Dis 2020;71(6):1547-1551. 

18. He X, Lau EH, Wu P, Deng X, Wang J, Hao X, et al. Temporal dynamics in 
viral shedding and transmissibility of COVID-19. Nat Med 2020;26(5):672-5.

19. CDC COVID-19 Response Team. Coronavirus disease 2019 in chil-
dren-United States, February 12-April 2, 2020. MMWR Morb Mortal Wkly 
Rep 2020;69(14):422-6.

 https://doi.org/10.15585/mmwr.mm6914e4.
20. Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, et al. Epidemiological charac-

teristics of 2143 pediatric patients with 2019 Coronavirus disease in China. 
Pediatrics 2020;58(4):712-3.

21. Sankar J, Dhochak N, Kabra SK, Lodha R. COVID-19 in children: Clinical 
approach and management. Indian J Pediatr 2020;87(6):433-42.

 https://doi.org/10.1007/s12098-020-03292-1.
22. Wu, P, Liang L, Chen, C, Nie SQ. A child confirmed COVID-19 with only 

symptoms of conjunctivitis and eyelid dermatitis. Graefes Arch Clin Exp 
Ophthalmol 2020;258(7):1565-6.

 https://doi.org/10.1007/s00417-020-04708-6.
23. Colonna C, Monzani NA, Rocchi A, Gianotti R, Boggio F, Gelmetti C. 

Chilblains-like lesions in children following suspected COVID-19 infection. 
Pediatr Dermatol 2020;37(3):437-40.

 https://doi.org/10.1111/pde.14210.
24. Andina D, Noguera-Morel L, Bascuas-Arribas M, Gaitero-Tristán J, Alonso-

Cadenas JA, Escalada-Pellitero S, et al. Chilblains in children in the setting 
of COVID-19 pandemic. Pediatr Dermatol 2020;37(3):406-11.

 https://doi.org/10.1111/pde.14215.
25. Roayl College of Pediatrics and Child Health. Guidance-Paediatric 

Multisystem Inflammatory Syndrome Temporally Associated with COVID-
19; 2020. Available from: https://www.rcpch.ac.uk/resources/guid-
ance-paediatric-multisystem-inflammatory-syndrome-temporally-associat-
ed-covid-19. [Last accessed on 2020 May 17].

 https://doi.org/10.1111/jpc.15049.
26. Mesihović-Dinarević S. Paediatric Ultrasound Atlas of Heart Anomalies. 2nd 

ed. Sarajevo: Bookline d.o.o.; 2017.
27. Dinarević S, Henein MY, Zaghal AA, Shinebourne EA, Gibson DG. 



108

http://www.jhsci.ba Lutvo Sporišević, et al. Pediatric challenge of COVID-19. Journal of Health Sciences 2020;10(2):103-108

Exercise Stress Echocardiography in Children with Kawasaki Disease-
Left Ventricular Axis Selectively Impaired. The Second World Congress of 
Paedatric Cardiology and Cardiac Surgery, Honolulu, Hawai; 1997. p. 87.

 https://doi.org/10.1016/s0002-9149(98)00168-4.
28. Henein MY, Dinarević S, O’Sulliven C, Gibson DG, Shinebourne EA. 

Exercise echocardiography in children with Kawasaki disease: Ventricular 
long axis is selectively abnormal. Am J Cardiol 1998;81(11):1356-9.

 https://doi.org/10.1016/s0002-9149(98)00168-4.
29. Licciardi F, Pruccoli G, Denina M, Parodi E, Taglietto M, Rosati S, et al. 

SARS-CoV-2-induced Kawasaki-like hyperinflammatory syndrome: A 
novel COVID phenotype in children. Pediatrics 2020;146(2):e20201711.

 https://doi.org/10.1542/peds.2020-1711.
30. Centers for Disease Control and Prevention. Multisystem Inflammatory 

Syndrome in Children (MIS-C) Associated with Coronavirus Disease 2019 
(COVID-19). Atlanta: Centers for Disease Control and Prevention; 2020. 
Available from: https://www.emergency.cdc.gov/han/2020/han00432.asp. 
[Last accessed on 2020 May 17].

 https://doi.org/10.1093/ofid/ofv131.60.
31. Dhochak N, Singhal T, Kabra SK, Lodha R. Pathophysiology of COVID-19: 

Why children fare better than adults? Indian J Pediatr 2020;87(7):537-46.
 https://doi.org/10.1007/s12098-020-03322-y.
32. Brodin P. Why is COVID-19 so mild in children? Acta Paediatr 

2020;109(6):1082-83.
 https://doi.org/10.1111/apa.15271.
33. Lee PI, Hu YL, Chen PY, Huang YC, Hsueh PR. Are children less suscep-

tible to COVID-19? J Microbiol Immunol Infect 2020;53(3):371-2.
34. Nickbakhsh S, Mair C, Matthews L, Reeve R, Paul C, Johnson PC, et al. 

Virus-virus interactions impact the population dynamics of influenza and 
the common cold. Proc Natl Acad Sci USA 2019;116(52):27142-50.

 https://doi.org/10.1073/pnas.1911083116.
35. Pavone P, Ceccarelli M, Taibi R, La Rocca G, Nunnari G. Outbreak of 

COVID-19 infection in children: Fear and serenity. Eur Rev Med Pharmacol 
Sci 2020;24(8):4572-5.

36. Liu Y, Yan LM, Wan L, Xiang TX, Le A, Liu JM, et al. Viral dynamics in mild 
and severe cases of COVID-19. Lancet Infect Dis 2020;20(6):656-7.

37. Ruggiero A, Attinà G, Chiaretti A. Additional hypotheses about why COVID-
19 is milder in children than adults. Acta Paediatr 2020;109(8):1690. 
https://doi.org/10.1111/apa.15328.


